for the STRokE DOC AZ TIME Investigators
R ural communities endure a shortage of stroke specialist care. 1, 2 Telemedicine techniques can be implemented within stroke networks of care to address the rural-metropolitan disparity that exists. 3, 4 The Stroke Team Remote Evaluation using a Digital Observation Camera (STRokE DOC) trial 5 reported both that stroke telemedicine (audiovideo) consultations resulted in more accurate thrombolysis eligibility decision making compared with telephone-only consultations, and that the University of California San Diego-based research network facilitated a high rate of thrombolysis use, improved data collection, low risk of complications, low technical complications, and favorable assessment times.
The main objective of the STRokE DOC Arizona TIME (The Initial Mayo Clinic Experience) trial was to determine the feasibility of establishing, de novo, a single-hub, multirural spoke hospital telestroke research network in Arizona by replicating the University of California San Diego STRokE DOC protocol. In addition, the purpose was to determine the effectiveness of telemedicine and telephone-only consultation modes for decision making in acute stroke in a different state among different hospitals and providers.
Methods Patients
Between December 2007 and October 2008, the dedicated STRokE DOC Arizona (AZ) TIME trial alphanumeric group pager hotline was activated 84 times. Seventy-nine patients were determined to be potentially eligible, 55 patients were consented, and 54 were enrolled in the study. Those 54 patients underwent random assignment to either telemedicine or telephone-only consultations when they presented with an acute stroke syndrome at one of 2 remote sites (spokes) located 186 to 205 miles (299 to 330 kilometers), respectively, from an academic metropolitan Joint Commission certified primary stroke center hub hospital. The trial flow ( Figure) describes the reasons patients were determined to be ineligible, the reasons why investigators elected not to consent, and the instances when either no surrogates or no certified spoke investigators were available for consent. The typical reasons that investigators elected not to proceed with consenting of otherwise eligible patients were ultraearly emergency medicine and vascular neurologist investigator collaborative perception that the patient was not eligible for intravenous thrombolysis (eg, time confirmed to exceed 3 hours, rapid resolution of focal neurological symptoms, stroke mimic, intracerebral hemorrhage reported on CT, minor persistent focal neurological deficits, and past history of intracerebral hemorrhage). This trial was undertaken before publication of the American Heart Association Scientific Statement concerning a 4.5-hour expanded time window. 6 We authorized a standard of clinical practice telephone-only run-in period of 1-month duration before trial start date while we acquired the STRokE DOC camera equipment and conducted the necessary hub and spoke training. This pretrial period allowed time for spoke emergency medicine and hub vascular neurology investigators to familiarize themselves with the hotline activation protocol, the trial protocol, and each other. Trial inclusion criteria were Ն18 years of age, ability for patient or surrogate to sign consent, symptoms and signs consistent with an acute stroke syndrome, and onset Ͻ3 hours. Prisoners were excluded from enrollment. Written informed consent was obtained at the spoke by an emergency physician investigator and sent to the hub vascular neurology investigator by electronic fax for final verification before randomization.
The trial was approved by each participating spoke hospital institutional review board and also by the Mayo Clinic institutional review board, with authorization for central oversight. The trial was registered at ClinicalTrials.gov (No. NCT00623350).
Procedures
A description of how the early Arizona hub and spoke telestroke network was established and descriptions of the technological factors, information technology, security, data encryption, the STRokE DOC camera system and technique, and prospective reliability have already been published. 3, 5, [7] [8] [9] The hub stroke team was contacted directly by the STRokE DOC AZ TIME trial alphanumeric group pager system when a patient with acute stroke symptoms presented at the spoke emergency department. The designated on-call hub vascular neurologist telephoned the applicable spoke emergency department and spoke briefly with the spoke emergency physician to determine patient eligibility status. The published STRokE DOC trial protocol 5 was replicated. Eligible consented patients were randomized with permuted blocks that were stratified by study site to prevent group imbalances. The randomization to telemedicine or telephone-only consultation was performed in real time using a web-based system, eliminating investigator preference bias. For patients who were randomized to telemedicine, the consultation started with site-independent access to the telemedicine system. The hub consultant established audio and video contact with the spoke site and immediately acquired a medical history from the patient and all accompanying relatives, supplemented by verbal and written reports from emergency medical systems, physicians, and nursing staff. After the history acquisition, the hub consultant performed a National Institutes of Health Stroke Scale (NIHSS) examination with the aid of healthcare provider staff at the spoke site. Other relevant elements of the examination were performed by, or reported to, the hub consultant as appropriate. Diagnostic test results were reported to the hub consultant by the spoke emergency physician, either verbally or by e-fax. Head CT images were viewed by hub neurologist with digital imaging and communications in medicine viewer. For patients who were randomized to telephoneonly consultation, the hub consultant queried the spoke emergency physician about the history, physical examination including the NIHSS examination, the diagnostic test results, and the spoke radiologist's report of the CT. The telephone communication with the emergency physician was supplemented, whenever feasible, by direct telephone communication between hub consultant and patient or surrogate. Neither the video nor the head CT images were viewed by the hub consultant with telephone-only consultations.
In both consultative modalities, the hub consultant completed a prespecified case report form. The consultant was free to repeat or request a repeated examination item and could speak with the patient, relatives, witnesses, and emergency nurses. Clinical deficit and functional scale scores (including NIHSS and prestroke and poststroke modified Rankin scale scores) were calculated by the hub consultant with the information provided by the bedside emergency physician or other healthcare providers. After review of the history, the examination findings, stroke scales, and head CT interpretation, the hub consultant presented a recommendation regarding patient eligibility for intravenous thrombolysis to the spoke emergency physician.
The main objective of the trial was to establish the feasibility of establishing a single-hub, multirural spoke hospital telestroke research network in Arizona by replicating the STRokE DOC trial protocol in a new state, new hub, new spokes, among telemedicinenaïve practitioners.
An additional objective was to further assess the efficacy of telephone and telemedicine consultations for decision making. The outcome measure was whether the decision to give thrombolytic treatment was appropriate, as established with a rigorous multistage, masked adjudication process, the details of which have been published. 9 Additional outcomes were rates of thrombolytic use, 90-day outcomes, rates of intracerebral hemorrhage, the completeness of the data, and technical observations. Equipment included Internet-enabled desktops and laptops used by a pool of 4 American Board of Psychiatry and Neurologycertified, fellowship-trained vascular neurologists and the telemedicine systems at remote emergency departments. The software enabled site-independent access to 2-way audio and high-resolution video over standard Internet connections (BF Technologies).
The previously described STRokE DOC adjudication committee and levels 1, 2a, 2b, 3a, and 3b adjudication procedures were also used for the STRokE DOC AZ TIME trial. 5, 9 Statistical Analysis STRokE DOC AZ TIME trial was principally a feasibility trial. It was not designed to have sufficient power to detect a statistically significant difference between the 2 consultative modes: telemedicine and telephone-only. Determination of the trial sample size of 54 randomized subjects was made based on the number of participants the investigators estimated to be achievable in the course of the 1-year trial. The Cochran-Mantel-Haenszel test, stratified by study site, was used to compare the correct decision rate (primary study outcome) between treatment groups. A Fisher exact test was used for all other correct decision outcomes, rate of thrombolytic use, rate of intracranial hemorrhage, mortality, and the 90-day modified Rankin scale score (0 to 1 versus 2 to 6). A Wilcoxon rank sum test was used for 90-day Barthel index and time point comparisons. All analyses were performed using the statistical software R (version 2.9.0).
Whereas in the STRokE DOC trial, 5 patients were enrolled for whom treatment disagreements were impossible, thus artificially enhancing agreement in both arms, this was not the case in STRokE DOC AZ TIME (Figure) .
Role of the Funding Source
The sponsors of the trial had no role in the trial design, trial conduct, data acquisition, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all data in the study and final responsibility for the decision to submit for publication.
Results
The primary objective of this feasibility trial was satisfactorily achieved: an operational, single-metropolitan hub primary stroke center, double-rural hospital spoke research network was established in Arizona.
Fifty-four patients presenting to a participating emergency department were randomized ( Figure) . Overall, 39 of 54 (72%) patients arrived by emergency medical systems. There were no demographic differences between groups. Ninetyday outcomes were available for 46 of 54 (85%) patients. Loss to 90-day follow-up was not significantly different across the 2 consultative methodology groups. The risk factor, myocardial infarction (Pϭ0.0183), was present in a 
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higher proportion of the telemedicine group subjects, but the proportions having other risk factors were not significantly different (Table 1) . Table 2 displays subjects' prestroke functional status and stroke severity at baseline. The mean NIHSS score was 7.3 for the overall trial cohort and 12.2 for thrombolysis subset. Seventy-three percent of the trial cohort presented with strokes resulting in moderate to severe disability at baseline. Baseline CT scans were interpreted to be normal in 30%, harbor a radiological contraindication to thrombolysis in 7%, and reveal intracerebral hemorrhage in 2%.
A single subject was excluded from the evaluation time analysis because it was ultimately determined that the stroke onset had been several days before his hospital assessment. Table 3 reveals that the evaluation times for subjects in the 2 consultative modes featured no statistically significant differences. Overall, mean stroke symptom onset to emergency department door arrival time was 81 minutes. Mean door-toemergency physician evaluation time was 8.1 minutes; to telestroke hotline call, 41.4 minutes; to consent, 49.5 minutes; to neurological assessment, 79.6 minutes; to CT interpretation, 89.4 minutes; and to treatment decision, 95.6 minutes. Mean telestroke hotline call-to-consent was 8.0 minutes; consent to neurological assessment, 30.1 minutes, neurological assessment start to decision, 16.1 minutes; and decision to thrombolysis (when applicable) 19.8 minutes.
Correct treatment decisions were made in similar proportions of the telemedicine and telephone-only consultation groups, as demonstrated by the primary outcome measure (level 2b adjudication) 87% overall (85% telemedicine and 89% telephone-only; PϾ0.999), and in identical proportions, 89%, when assessed at level 1 (Table 4) . Overall intravenous thrombolytic treatment was used in identical proportions (30%) of the telemedicine and telephone consultations. There were no differences between the groups in the proportions of subjects who reached good 90-day functional outcomes as assessed by the Barthel index (95 to 100) and the modified Rankin Scale scores (dichotomized 0 to 1) or mortality.
There were no statistically significant differences in the proportion of correct treatment decisions between the 2 consultative modes in the thrombolysis subgroup (Table 4) , and only 1 patient sustained a symptomatic intracranial hemorrhage overall.
All level-2b thrombolysis eligibility protocol violations are displayed in Table 5 . The most common violation in the trial patients treated with thrombolysis was time of stroke symptom onset remaining unclear. The violations among trial patients who had not received thrombolytics were variable ( Table 5) .
The demographics and NIHSS analysis combined showed no difference in noncompleted data between telephone-only and telemedicine consultation groups.
Site-independent evaluations were performed in 27 (100%) of the telemedicine consultations, using local area network wired Internet access or broadband wireless access.
The distribution of consultations across sites, emergency physicians, and neurology consultants were as follows: 34 (63%) consultations were conducted at one site and 20 (37%) at the second site. Twenty different spoke emergency physicians requested consultations: 8 (40%) of them initiated a single consultation, 7 (35%) initiated between 2 and 4 consultations, and 5 (25%) initiated Ն5 consultations. One remote consultant performed 31 (57%) of the consultations, the second performed 13 (24%), the third performed 9 (17%), and the fourth conducted a single (2%) consultation. At one site, emergency medicine residents, supervised by emergency physician investigators, participated in 16 of 34 (47%) of the consultations. There was no apparent relationship between provider or spoke hospital experience and the occurrence of adjudication disagreements. Technical problems were noted in 20 of 27 (74%) of telemedicine consultations and in 0 of 27 (0%) telephone consultations. None of the technical problems prevented the determination of a treatment decision, but some did impact the time to treatment decision. Of the 20 observations, one was attributable to video-only, 3 to Internet connection-only, 5 were attributable to audio-only, 5 to digital imaging and communications in medicine-only, and 6 were attributable to multiple or other causes.
There were no differences in diagnoses. Only 3 of 54 (6%) subjects were discharged from the emergency department with a diagnosis other than stroke or transient ischemic attack.
Patients were determined ineligible for thrombolysis for several reasons, including, in order of descending proportions, minor deficit (36%), time since stroke onset exceeded 3 hours (29%), rapid spontaneous resolution (14%), recent ischemic stroke (7%), active genitourinary bleeding (7%), anticoagulant use, and international normalized ratio Ͼ1.7 (7%).
Discussion
The results of this prospective, blinded, randomized trial confirm that the successful elements of the University of California San Diego STRokE DOC hub and spoke telestroke network were transferable and reproducible in a completely new and separate geographic location among telemedicine naïve healthcare institutions and personnel. The results demonstrate that both telemedicine and telephone, incorporated into a state network of emergency stroke care, are efficacious for making acute treatment decisions.
Telephone-only and telemedicine consultations resulted in 89% and 85% correct decisions, respectively, without any statistically significant difference. STRokE DOC AZ telephone-only consultations may have overperformed compared with STRokE DOC 5 (82% correct) for the following reasons: STRokE DOC AZ TIME trial authorized a 1-month telephone-only run-in experience before randomization, and the vascular neurology consultants devoted approximately the same time to telephone consultations as they did to telemedicine consultations (consent to decision time interval), 43.7 minutes versus 48.6 minutes, respectively. Consultants regularly and liberally reacquired the history directly by telephone from patient, family members, and witnesses in addition to requesting repeat neurological assessments from emergency department nurses and physicians. A testament to the thoroughness of the telephone consultations was the comparable completeness of data collection between telephone and tele- (7) 3 (11) 1 (4) 2ϭSlight disability 5 (9) 3 (11) 2 (7) 3ϭModerate disability 3 (6) 1 (4) 2 (7) 4ϭModerate to severe disability 0 (0) 0 (0) 0 (0)
Baseline mRS (complete scale) n (%)
0ϭNo symptoms 2 (4) 1 (4) 1 (5) 1ϭNo significant disability 4 (7) 2 (7) 2 (7) 2ϭSlight disability 8 (15) 3 (11) 5 (19) 3ϭModerate disability 11 (20) 6 (22) 5 (19) 4ϭModerate to severe disability 25 (46) 13 (48) 12 (44) 5ϭSevere disability 4 (7) 2 (7) 2 (7) NIHSS meanϮSD (median) 
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medicine modalities. STRokE DOC AZ telemedicine consultations may have underperformed compared with the original STRokE DOC trial (98% correct) because of the relative telemedicine inexperience of the hub and spoke healthcare personnel and the high proportion of technical observations witnessed by the telemedicine consultations. Ultimately, the trial was not designed to have sufficient power to detect a difference between the 2 consultation modalities, and no statistically significant differences were observed. Fundamentally, the results display that both telemedicine and telephone consultations rendered satisfactory levels of correct treatment decision making regarding thrombolysis eligibility among remote acute stroke patients in the context of a rigorous clinical trial protocol within an established stroke network of care. Historically, rural Arizona hospitals, outside metropolitan Tucson and Phoenix, have thrombolysed an estimated 2% to 4% of all ischemic stroke patients requiring admission. 4 The STRokE DOC AZ trial demonstrated a substantially higher proportion of patients at the 2 remote participating hospitals receiving thrombolysis (30%), regardless of consultative modality. Presumably, the supportive network that was established and the real-time emergency vascular neurology consultative support, by telephone or telemedicine, for emergency physicians facilitated the accurate diagnoses, appropriate decision making, and thrombolysis administration to eligible stroke patients.
Regarding the measurement of long-term morbidity and mortality outcomes, Meyer et al 5 caution against comparisons being made between different trials with different patient populations or different stroke care protocols and instead recommend larger prospective trials with more patients given thrombolytic treatment after telemedicine consultations. To that end, several research initiatives are under way or planned. For example, a new prospective stroke telemedicine trial in Arizona is already under way: Stroke Telemedicine for Arizona Rural Residents (STARR) Network Trial (ClinicalTrials.gov identifier NCT00829361). The objective of the STARR Network Trial is to establish a system for the prospective collection, recording, and regular analysis of telestroke patient consultation and care data for the purpose of quality measure assessment and improvement and benchmarking against other national and international telestroke programs. A second example under way is the STRokE DOC Long-Term Outcomes (ClinicalTrials.gov identifier NCT00936455). Finally, a pooled analysis of the STRokE DOC and STRokE DOC AZ telemedicine stroke trials is planned.
The rate of post-thrombolytic intracerebral hemorrhage was low: 6% overall (13% for telemedicine and 0% for telephone; PϭNS), as low as in the original STRokE DOC trial. It is reassuring that despite the potential risks of establishing a novel telestroke research network in a neighboring state among new consultant providers in new remote hospitals with technological complexities, major adverse outcomes to patient care were preventable.
There were no statistically significant differences in time increments between the telemedicine and telephone groups, even for the consent to decision (which includes the actual consultation time interval). This is remarkable and strongly suggests that the investigators invested sufficient time, regardless of the consultative modality, to determine the salient elements of the clinical assessment and to complete the requisite data fields in the case report forms. The actual consultation time interval is best described as the difference between consent to decision and consent to neurological examination (eg, 46.1 minutes minus 30.1 minutes, which equals 16 minutes).
Technical problems were noted in 74% of the STRokE DOC AZ telemedicine consultations (compared with only 19% in the original STRokE DOC trial). The reasons were plentiful. The explanation that had the greatest impact was that telemedicine use conflicted with Mayo Clinic corporate security. The network configuration and Mayo Clinic laptop security profiles adversely affected the use of telemedicine. The problems prevented the smooth and uninterrupted use of the Accessvideo client and digital imaging and communications in medicine. The technical issues witnessed ranged from trusted site configuration to performance problems. Regular changes to the system arose from profile updates that reset the configuration of Accessclient and prevented the use of audio and video from spoke sites. Accessclient itself had built-in Health Insurance Portability and Accountability Act-compliant security, which accounted for slowdown when coupled with Mayo Clinic corporate security profiles. What the trial experience eventually revealed was that the best way to run the telemedicine system was to have it installed on a standard laptop without being on the hub hospital domain. This allowed for full use of the product with limited issues on the remote side. Other explanations for high technical observations included the lack of telemedicine experience among the vascular neurology consultants, limited technical training and troubleshooting skills, lack of around-the-clock information technology support, at hub and spokes, for the telestroke trial, and a definition for technical observation that included any audio, video, Internet, or digital imaging and communications in medicine issue, delay, or interruption, both major and minor.
Between the completion of STRokE DOC and STRokE DOC AZ TIME, the American Heart Association published a scientific statement reviewing evidence for the use of telemedicine within stroke systems of care. 10 The NIHSS telestroke examination, when administered by a stroke specialist using high-quality video teleconferencing is recommended when an NIHSS bedside assessment by a stroke specialist is not immediately available for patients in the acute stroke setting, and this assessment is comparable to an NIHSS bedside assessment (class I; level of evidence A). In addition, the American Heart Association has published a policy statement concerning recommendations for implementation of telemedicine within stroke systems of care. 11 National telemedicine initiatives, like those in stroke, are essential to healthcare reform. Telemedicine is capable of Reasons for adjudication disagreements at the primary (level 2b) adjudication level, including number of disagreements at that level.
TURP indicates transurethral resection of the prostate.
addressing inequities in access to care, economic issues, and quality enhancement. 12 In summary, the authors of this trial report that it is feasible to extend the original University of California San Diego STRokE DOC trial protocol to a new state and establish an operational single-hub, multirural spoke hospital telestroke research network in Arizona. The feasibility trial was not designed to have sufficient power to detect a difference between the 2 consultative modes: telemedicine and telephone-only. Within the newly established telestroke network, whether by telemedicine or telephone consultative modalities, there were appropriate treatment decisions, high rates of thrombolysis use, improved data collection, low rates of intracerebral hemorrhage, and equally favorable time requirements. The learning curve was steep for the hub and spoke personnel of the new telestroke network, as reflected by the frequent technical occurrences. Overall, the results support the effectiveness of highly organized and structured stroke telemedicine networks for extending expert stroke care into rural remote communities lacking sufficient neurological expertise.
